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eat vegetables salad and meat luncheon on their selective media (Baird-parker and Macconkey agar,
respectively). Twenty suspicious colonies of each (10 from each product) were randomly chosen and
identiﬁed using conventional based on morphological and physiological characteristics. S. aureus
and E. coli isolates which gave the highest pathogenicity were chosen for identiﬁcation and conﬁr-
mation with molecular method based on 16S rRNA gene. The PCR ampliﬁcation method of 16S
rRNA gave the same identiﬁcation results as conventional method, but it was sensitive and fast.
This molecular method takes about 48 h in comparison with 6 days for conventional method.
The 16S rRNA of S. aureus and E. coli were deposited in the Genebank database under accessions
(AB599719.1 and AB599716.1, respectively).
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lsevier1. Introduction
All over the world, public health agencies are concerned with
food safety assurance due to globalization of food markets
and increasing numbers of meals saved outside home [17].
Sales of minimally processed ready-to-eat vegetables have
grown rapidly in the last decade because of busy life style, their
convenience and freshness. The processing of minimally pro-
cessed ready-to-eat vegetables typically involves peeling, cut-
ting, slicing or shredding. These steps increase the possible
contamination of these products by foodborne pathogens
[19,30].
In recent years, there has also been a steady increase in the
production and consumption of processed meat products
130 D. El-Hadedy, S. Abu El-Nourworldwide because of their high nutritive value and conve-
nience. However, processed meat products may at time consti-
tute a public health hazard due to the possible presence of
foodborne pathogenic bacteria which cause illness, in toxica-
tion and sometimes outbreak of death [25].
Staphylococcus aureus is an important cause of food intox-
ication throughout the world. This bacterium can contaminate
several foods, including minimally processed ready-to-eat veg-
etables and processed meat products and produce several types
of enterotoxins [4]. Escherichia coli, as enteric pathogens, is
becoming increasingly important from the view point of public
health, particularly psychrotrophic strains E. coli O157:H7
which can grow on minimally processed vegetables and pro-
cessed meat products at 4–12 C causing hemorrhagic colitis
[29].
Routine identiﬁcation and enumeration of foodborne
pathogens including S. aureus and E. coli in food are usually
carried out by conventional methods based on the use of selec-
tive media such as Baird-Parker and MacConkey agar, respec-
tively following identiﬁcation of suspicious colonies by
biochemical reactions. This traditional method is cumbersome
and time consuming. Furthermore, they frequently lead to
ambiguous results due to thoughtful of ﬁeld isolates in some
tests. Fast and sensitive methods for identiﬁcation of food-
borne pathogens are important for microbiological safety
throughout the food production chain. In the last 10 years, a
considerable number of detection methods using molecular
tools have been proposed. The polymerase chain reaction
(PCR) method based on 16Sr RNA gene for the detection
and identiﬁcation of pathogenic bacteria in food present sensi-
tive and fast method [31,1] and [16]. The use of 16S rRNA gene
sequence to study bacterial phylogeny and taxonomy has been
by far the most common housekeeping genetic marker used for
a number of reasons. These reasons include: (i) its presence in
almost all bacteria, often existing as a multigene family, or
operons; (ii) the function of the 16S rRNA gene over time
has not changed, suggesting that random sequence changes
are a more accurate measure of time (evolution); and (iii) the
16S rRNA gene (1500 bp) is large enough for informatics pur-
poses [22].
The main objective of the present investigation is the enu-
meration and isolation of S. aureus and E. coli contaminating
ready to eat vegetables salad and meat luncheon and use bio-
chemical reactions and PCR based on 16S rRNA for their
identiﬁcation.2. Materials and methods
2.1. Food samples
Five samples (250 g) of packaged ready to eat vegetables salad
as well as ﬁve samples (250 g) of meat luncheon were pur-
chased from supermarket at Cairo.
2.2. Enumeration and isolation of S. aureus and E. coli
Twenty-ﬁve grams of each sample were mixed in sterile plastic
bag for 2 min with 225 ml of 0.1% peptone sterile physiologi-
cal saline solution (0.85% NaCl) in stomacher (Stomacher 400,
seurard, London, UK). Three decimal dilutions of each sample
homogenate were prepared for enumeration of S. aureus,0.1 ml from each dilution was spreeded on the surface of pre-
pared Petri dishes on duplicate with Barid-paker agar medium
the plate were incubated at 37 C for 24–48 h. [15]. Morpho-
logical typical colonies of S. aureus which are black colonies
and shiny with narrow white margins and surrounded by clear
zone. Five colonies from each samples were streaked in tryp-
tone soy agar (TSA) slants,
Tryptone 17.0
Soya peptone 3.0
Sodium chloride 5.0
Dipotassium hydrogen phosphate 2.5
Yeast extract 6.0
D-Glucose 2.5
Agar 15.0
pH 7.3 ± 0.2For detection and enumeration of E. coli, the most proba-
ble number (MPN) technique was used. One milli liter from
each dilution was used to inoculate three series of three test
tubes containing Macconkey broth with Durham’s tube [2].
(The tubes were incubated at 44 C for 24–48 h), The produc-
tion of (acid yellow color) and gas (appear in durham tube)
from lactose indicate E. coli positive. A loopfull of the positive
tubes was cultured on eosin methylene blue (EMB) reference
agar and incubated at 37 C for 24 h.
Eosin methylene blue agar
Peptone 10.0
Lactose 10.0
Dipotassium hydrogen phosphate 2.0
Eosin Yellowish 0.4
Methylene blue 0.065
Agar 15.0
pH 6.8 ± 0.2The ingredients were dissolved in the water by steaming, the
pH was adjusted, and the medium was sterilized by autoclav-
ing at 121 C for 15 min. The medium was cooled to 50 C
and shacked in order to oxidized the methylene blue (restore
it’s blue colour) and suspended the precipitate which is an
essential part of the medium and poured in plates. Morpholog-
ical typical colonies (at least ﬁve colonies from each sample)
which are greenish, metabolic sheen in reﬂected light with blue
black centre were cultured in tryptone soy agar (TSA) slants.
The slants were incubated at 37 C for 24 h, then stored at
4 C.3. Identiﬁcation
3.1. A-Conventional methods
Twenty presumptive culture of S. aureus (two from each sam-
ple) as well as 20 presumptive cultures of E. coli (two from
each sample) were randomly chosen and identiﬁed using tradi-
tional method which include culture characteristic on selective
media, gram-staining and biochemical reactions, according to
Bergeys Manual of systematic Bacteriology [14]. Biochemical
tests used to conﬁrm S. aureus were coagulase test, catalase
test, indole production, methyl red test, Voges-proskauer reac-
tion, urease production, citrate utilization and sugar fermenta-
tion [12].
Table 1 Staphylococcus aureus and Esherchia coli count in ready to eat vegetable salad and meat luncheon samples.
Sample No. Ready to eat vegetable salad Meat luncheon
S. aureus (cfu/g) E. coli (MPN/g) S. aureus (cfu/g) E. coli (MPN/g)
1 <100 4 150 93
2 150 120 200 150
3 120 93 100 23
4 <100 <3 <100 9
5 100 9 170 150
<3 = not detectable count and considered negative; <100 = not detectable count.
Table 2 Gram-staining and culture characteristics on selective media.
Parameters S. aureus E. coli
Selective
media
Baird-parker Eosin methylene blue
Gram-
staining
Positive cocci in clusters Negative short rod
Culture
characteristic
Black and shiny with narrow white margins
and surrounded by clear zone
Greenish, metallic sheen in reﬂected
light with blue black centre
Identiﬁcation of Staphylococcus aureus and Escherichia coli 1313.2. B-Protein banding patterns by Laemmli [18]
One milli liter of (different strains of S. aureus and E. coli)
from over night culture (incubated in shaking incubator at
37 C, 200 rpm) was collected by centrifugation at
10,000 rpm for 15 min. Bacterial pellets were resuspended well
in 60 ll distilled water then 20 ll sample buffer and 10 ll pro-
tein tracking dye were added, after that boiled in boiling water
bath for 3 min and quickly chilled on ice. Centrifugation for
15 min at 10,000 rpm was done and placed on ice until loading.
The components of the separating gel were placed in 50 ml
beaker and mixed gently to avoid air bubbles. The solution
was pipetted into the assembled vertical slab gel unit in the
casting mode leaving 2 ml from the front. Pipette a layer of dis-
tilled water on the top of solution. The gel was allowed S. aur-
eus and E. coli polymerize at room temperature. Pour the
water from the upper surface. The stacking gel solution was
prepared and added onto the top of separating gel where the
comb was inserted. Allow the gel polymerization. The assem-
bled vertical slab containing the polymerized gels were put into
the electrophoresis chamber contained the tank buffer. The
protein samples was loaded into the wells after removing the
comb by using Hamilton syringe in loading and use protein
marker standard. Electrophoresis the gel in 1X tank buffer
at 200 volts. After Electrophoresis, the gel was stained in
50 ml of staining solution for 45 min with shaking at room
temperature then distained in distaining solution. Finally the
gel was dried by gel dryer using two sheets of cellophane
membrane.
3.3. C-Molecular method
The polymerase chain reaction (PCR) method based on 16S
rRNA gene for identiﬁcation of S. aureus and E. coli was used.
Genomic DNA was extracted and puriﬁed by using Qiagen
kit (Qiagen company) The purity was assessed from the A260/
A280 ratios: Cultures of S. aureus 35ML and E. coli 3VS were
streaked on tryptic soy- agar medium and incubated at 37 Cfor 24 h. A single colony of each pathogen was grown in
(LB) broth medium in Erlenmeyer ﬂask and incubated at
37  for 24 h. Culture was harvested by centrifugation at
4 C for 10 min, DNA was extracted from pellets according
Qiagen kit instructions.
3.4. Ampliﬁcation and sequencing of 16S rRNA
Full length 16S rRNA (1500 bp) were ampliﬁed from isolates
(E. coli 3VS and S. aureus 35 ML) by PCR using universal for-
ward primer P1 and universal reverse primer P6. P1: 5-AGA
GTT TGA TCC TGG TCA GAA CGC T-3), P6: 5-TAC
GGC TAC CTT GTT ACG ACT TCA CCC C-3) [10]. Opti-
mum conditions (denaturation 94–1 min, annealing 63–45 s
and extension 72–2 min, 35 cycles). Ampliﬁed 16S rRNA was
puriﬁed from 0.8% melting point agarose gel. Bands obtained
from PCR product were eluted and purify by (Qiagen elution
kit) PCR instructions, DNA band desired was excised from
ethidium bromide stained agarose gel with a razor blade,
transferred to Ependorf tube. DNA were sequenced directly
using speciﬁc primer with concentration 20 pmol in Promega
company lab. The sequence alignment was prepared with
DNA STAR software program. Nucleotides sequences of the
products were edited using Bioedit version 5.0.6 [11].
4. Results and discussion
4.1. Detection and enumeration
S. aureus and E. coli counts in ready to eat vegetable salad and
meat luncheon samples are tabulated in Table 1. It is evident
from the table that S. aureus was detected in three out of the
ﬁve samples of ready to eat vegetable salad at counts of 150,
120 and 100 CFU/g, while it was detected in four out of the
ﬁve samples of meat luncheon at counts of 150, 200, 100 and
170 CFU/g. It is clear that meat luncheon samples were more
contaminated with S. aureus in comparison with ready to eat
vegetables salad samples. S. aureus is frequently isolated from
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132 D. El-Hadedy, S. Abu El-Nourmany food products including minimally processed vegetables
and meat products [6] and [9]. The same table revealed that
E. coli was detected in four out of the ﬁve samples of ready-
to-eat vegetables salad and in all the live samples of meat lun-
cheon. The counts of E. coli in ready to-eat-vegetable salad
ranged from 4 to 120 MPN/g. E. coli was detected in all lun-
cheon samples in the range of 9–150 MPN/g. The presence
of E. coli in many food products has been published by several
investigators [8] and [5]. Presence of coagulase positive S. aur-
eus and E. coli in foodstuffs at counts more than 100 cfu/g or
MPN/g, respectively is considered unacceptable from the view
point of microbial safe and viewed as health hazard [23].
Accordingly, samples 2 and 3 of ready-to-eat vegetables salad
and meat luncheon, respectively are considered unacceptable
from the view point of the presence of S. aureus, and samples
1 and 2 are considered unacceptable from the view point of the
presence of E. coli.
S. aureus is one of the commonest food poisoning bacteria.
S aureus food poisoning is due to its ability to produce in the
food a broad range of exotoxins and enterotoxins. Ingestion
the foods containing one or more performed exotoxins or
enterotoxins cause the staphylococcal food poisoning [4].
Vorster et al. [33] reported that certain strains of E. colimay
induce dangerous disease for human; therefore, E. coli should
be regarded as potential pathogenic organism. Thus, the pres-
ence of S. aureus and E. coli in ready to eat vegetable salad and
in meat luncheon which they are eaten without further heating
could be a microbial risk for populations [19]. According to
Rodrigues-Lazaro et al. [28] the enumeration of pathogenic
microorganisms is necessary for quantitative risk assessment.h
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m4.2. Identiﬁcation using traditional method
Table 2 shows that S. aureus colonies on Baird Parker agar
medium were black and shiny with narrow white margins
and surrounded by clear zone extending into the opaque med-
ium. These colonies were found to be Gram positive cocci in
clusters. E. coli colonies on eosin methylene blue were green
wish, metallic sheen in reﬂected light with blue–black certirea,
they were Gram negative short rods. The presumptive S. aur-
eus and E. coli isolates which were isolated from ready to eat
vegetables salad and from meat luncheon were conﬁrmed with
biochemical reactions.
Table 3 shows that of the 20 presumptive S. aureus isolates,
17 (85%) were found as positive for coagulase, catalase, meth-
ylene red, Voges-proskauer and hemolysis tests and negative
for oxidase and indole tests. They also produce acid from glu-
cose, lactose and sucrose. According to Holt et al. [14], there
isolates approved to be S. aureus.
Table 4 shows that of the 20 presumptive E. coli isolates, 18
(90%) were conﬁrmed as positive for catalase test, indol pro-
duction, methyl red test, pathogenicity test and production
of acid from glucose, manitol, lactose and sucrose while they
were negative for Voges-proskauer reaction, urease production
and citrate utilization. According to Holt et al. [14], these iso-
late, approved to be E. coli.T
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to4.3. Identiﬁcation using molecular method
Conventional methods used for identiﬁcation and conﬁrma-
tion of S. aureus and E. coli are consuming time. Molecular
1          M KDa 
 250    
  95  
  72 
   55  
  36  
28  
 M 2
Figure 1 SDS–PAGE analysis of total cellular protein from
Staphylococcus aureus and E. coli, that grown in LB medium. Lane
M: protein marker; Lane 1: S. aureus isolate, Lane 2: E. coli
isolate.
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Identiﬁcation of Staphylococcus aureus and Escherichia coli 133techniques, such as PCR have been used extensively for several
years for identiﬁcation and characterization of foodborne
pathogens in food samples [13] and [34]. Here we tried to use
PCR method based on 16S rRNA gene as fast and accurate
method for Identiﬁcation and conﬁrmation of S. aureus strain
ML35 which gave the highest haemolysis (indicates from clear
zone diameter) and E. coli strains 3VS ch gave the highest
pathogenicity. In addition, protein banding pattern was car-
ried out for both S aureus and E. coli. It is clear from SDS–
PAGE analysis of the total cellular protein (Fig. 1) that the
two strains had two different patterns. Many investigators re-
ported that SDS–PAGE of total cell protein was used as a
powerful tool for the taxonomical discrimination of a great
number of strains [7] and [24].
16S rRNA gene bands which was detect by speciﬁc primer
at 1500 bp. The ribosome consists of two unequal subunits,
which associate via numerous intersubunit contacts. Med-
ium-resolution structural studies have led to grouping of the
intersubunit contacts into 12 directly visualizable intersubunit
bridges. Most of the intersubunit interactions involve RNA.
We have used an RNA modiﬁcation interference approach
to determine E. coli 16S rRNA positions that are essential
for the association of functionally active 70S ribosomes [3].
5. Product of 16S rRNA primers with S. aureus
16S rRNA sequencing. The 16S rRNA sequences for S. aureus
and E. coli were deposited in the genebank sequence database
under accessions AB599719.1 and AB599716.1, respectively.
The relevant sequences were downloaded and phylogeneic
analysis has been carried out. Figs. 2 and 3 show phylogenic
tree of S. aureus and E. coli .
Small rRNA gene sequencing, particularly 16S rRNA
sequencing in bacteria, has led to advances on multiple fronts
in microbiology. First, the construction of a universal phyloge-
netic tree classiﬁes organisms into three domains of life: bacte-
ria, Archaea, and Eucarya. [20,21,32]. Second, it revolutionists
the classiﬁcation of microorganisms, and makes the classiﬁca-
tion of non-cultivable microorganisms possible [26,27]. Third,
it helps to elucidate the relation of unknown bacterial species
to known ones.
16S rRNA gene sequencing will continue to be the gold
standard for the identiﬁcation of bacteria, and the automation
Figure 2 Phylogentic tree Average distance tree using BLOSUM62, arranged by sort ID, including those of Staphylococcus aureus spp.
Figure 3 Phylogentic tree Average distance tree using BLOSUM62, arranged by sort ID, including those of E.coli spp.
134 D. El-Hadedy, S. Abu El-Nourof the technique could enable it to be used routinely in clinical
microbiology laboratories, as a replacement of the traditional
phenotypic tests. Modern technologies have made it possible
to construct a high density of oligonucleotide arrays on a chip
with oligonucleotides representing the 16S rRNA gene se-
quence of various bacteria. Such a design will facilitate auto-
mation of the annealing and detection of the PCR products
of 16S rRNA gene ampliﬁcation, and hence routine identiﬁca-
tion of most clinical isolates will be possible [35]. The use of
16S rRNA gene sequencing has several advantages. First, the
turnaround time is short. Because ampliﬁcation of the 16S
rRNA gene takes only four to six hours, and the annealing
and detection of PCR products takes only another few hours,
theoretically the identiﬁcation can be completed within one
day. Second, it can be used for slow growing bacteria, unlike
most commercially available kits that are based on phenotypic
tests that require the detection of growth of the organism in the
presence of certain speciﬁc substrates, and hence the slow
growing bacteria are usually ‘‘unidentiﬁed’’ when the growth
control shows a negative result [36]. Third, the problem of
‘‘unidentiﬁable strains’’ will be overcome and there would be
minimal misidentiﬁcation – the identiﬁcation of a clinical
strain is clearly deﬁned by the number of base differences be-
tween it and the existing species. Fourth, oligonucleotides rep-
resenting all bacterial species, including those rarelyencountered clinically, can be included in the array, making
it easy to identify the rare species. Lastly, such a technique will
be applicable not only to pyogenic bacteria, but also to other
organisms such as mycobacteria [37].
The phylogenetic tree generated from partial 16s rRNA
gene sequences, including the sequences of (E. coli and S. aur-
eus) and other sequences from the database of gene bank
showed that the two isolates formed two clusters. Our data
are in agreement with the division of the 16s rRNA topology
into major clusters, as described. Data obtained in this study
illustrate primer design will be useful to identify many bacterial
genera.References
[1] G. Amagliani, C. Glammarini, E. Omicciolo, G. Brandi, M.
Magnami, Food Control 18 (2007) 1137–1142.
[2] APHA, Standard methods for the examination of Dairy
products. American Public Health Association, Washington,
D.C., 1992.
[3] U. Arto pulk, L.I. Lo maiva, R. Jaanus, Identiﬁcation of
Nucleotides in E. coli 16s rRNA Essential for Ribosome Subunit
Association, Cold Spring Harbor Laboratory Press, 2010.
[4] N. Balaban, A. Rasooly, Int. J. Food Microbiol. 61 (2000) 1–10.
[5] L.R. Beuchat, J. Food Prot. 59 (1996) 204–216.
Identiﬁcation of Staphylococcus aureus and Escherichia coli 135[6] L.R. Beuchat, Food safety, issues surface decontamination of
fruits and vegetables eaten raw: a review, Food safety unit,
World Health Organization, Geneva, 1998.
[7] A.R.J. Eaglesham, M.D. Stowers, M.L. Maina, B.J. Goldman,
M.J. Inclair, A. Ayanaba, Biol. Biochem. 19 (1987) 75–581.
[8] A.M. Edris, Zag. Vet. Med. J. 21 (1993) 187–193.
[9] G.A. Francis, C. Thomas, D.O. Beirne, Int. J. Food Sci.
Technol. 34 (1999) 1–22.
[10] Jill E. Clarridge III, Clin. Microbiol. Rev. 17 (4) (2004) 840–862.
[11] T.A. Hall, Nucleic Acids Symp. Ser. 41 (1999) 95–98.
[12] W.F. Harrigan, Laboratory Methods in Food Microbiology,
3rd ed., Academic Press, San Diego, 1998, pp. 198.
[13] W.E. Hill, Crit. Rev. Food Sci. Nutr. 36 (1996) 123–173.
[14] Holt, J.G., Krieg, N.R., Sneath, P.H., Safety, J.T., Williams,
S.T. (1993). Bergey’s Manual of Determinative Bacteriology. In:
Williams, K., Wilkins, O. (Eds.), Baltimore, USA, 9p.
[15] ICMSF, Microorganisms in Foods. 1 Their signiﬁcance and
methods of enumeration, second ed., University of Toronto
Press, Toronto, 1978.
[16] J.M. Janda, S.L. Abbott, J. Clin. Microbiol. 45 (2007) 2761–
2764.
[17] J. Kennedy, P. Wall, Food safety challenges, in: M. Storss, M.
Devoluy, P. Cruveiller (Eds.), Food safety Handbook:
Microbiological Challenges, Bio-Merieux education, France,
2007, pp. 8–19.
[18] U.K. Laemmli, Nature 227 (1970) 680–686.
[19] J.A. Odumeru, S.J. Mitchell, D.M. Alves, J.A. Lynch, A.I. Yee,
S.L. Wang, S. Styliadis, J.M.C. Farber, J. Food Prot. 60 (1997)
954–960.
[20] G.J. Olsen, N.L. Overbeek, N. Larsen, Nucleic Acids Res. 20
(Suppl.) (1992) 2199–2200.
[21] G.J. Olsen, C.R. Woese, FASEB J. 7 (1993) 113–123.
[22] J.B. Patel, Mol. Diagn. 6 (2001) 313–321.
[23] PHLS, Communicable disease Public Health 3 (2000) 163–167.[24] B. Pot, P. Vandamme, K. Kersters, Analysis of ectrophoretic
whole organism protein ﬁngerprint, in: A.G. O Donnel C (Ed.),
Chemical Method in Bacterial Systematic, J. Wiley and Sons,
1992, pp. 85–96.
[25] A. Rajic´, L.A. Waddell, J.M. Sargeant, S. Read, J. Farber, M.J.
Firth, A. Chambers, J. Food Prot. 70 (5) (2007) 1286–1294.
[26] D.A. Relman, J.S. Loutit, T.M. Schmidt, N. Engl. J. Med. 323
(1990) 1573–1580.
[27] D.A. Relman, T.M. Schmidt, R.P. MacDermott, N. Engl. J.
Med. 327 (1992) 293–301.
[28] D. Rodrigues-Lazaro, B. Lombard, H. Smith, A. Rzezutka, M.
D’Agostino, R. Helmuth, A. Schroeter, M. Burkhard, A. Miko,
B. Guerra, J. Davison, A. kobilinsky, M. Hernandez, Y.
Bertheau, N. Cook, Trends Food Sci. Technol. 18 (2007) 306–
319.
[29] S. Sanz, M. Gimenez, C. Olaret, J. Food. Prot. 66 (2003) 2203–
2209.
[30] R.C. Solvia-Fortuny, O. Martin-Belloso, Trends in Food Sci.
Technol. 14 (2003) 341–353.
[31] L. Sommer, Y. Kashi, J. Food Prot. 66 (2003) 1658–1665.
[32] J.D. Thompson, D.G. Higgins, T.J. Gibson, Nucleic Acids Res.
22 (1994) 4673–4680.
[33] S.M. Vorster, R.P. Grebe, G.I. Nortij, J. Food Prot. 57 (1994)
305–310.
[34] R.F. Wang, W.W. Cao, C.E.C. Cerniglia, J. Appl. Microbiol. 83
(1997) 727–756.
[35] P.C. Woo, P.K. Leung, K.W. Leung, J. Clin. Pathol. Mol.
Pathol. 53 (2000) 211–215.
[36] P.C. Woo, H.W. Tsoi, K.W. Leung, J. Clin. Microbiol. 38 (2001)
3515–3517.
[37] P.C.Y. Woo, A.S.P. Leung, K.W. Leung, K.Y. Yuen, J. Clin.
Pathol. Mol. Pathol. 54 (2001) 244–247.
